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Summary

Long-term effects of renal denervation (DNX) comitydnclude a decrease in blood pressure (BP),
observed in both normotensive animals and varioodets of hypertension. On the other hand, short
term BP responses vary. We examined how post-DNMease in BP observed in this study depends
on baseline metabolic and functional status of aténwith a special interest for the role of oxidat
stress. Anaesthetised Wistar rats on standard (Se®)sodium (LS) or high-sodium (HS) diet were
used, untreated or pre-treated with tempol, a s scavenger, or N(omega)-propyl-L-arginine
(L-NPA), an inhibitor of neuronal NOS (nNOS). EaB¥ and renal haemodynamic responses were
examined to right- and then left-side DNX perfornusihg an own relatively non-invasive technique.
Left kidney cortical, outer- and inner-medullarpbd flows (CBF, OMBF, IMBF) were continuously
recorded as laser-Doppler fluxes. Sequential datiens significantly increased BP to final 19%,
12%, and 6% above control level in HS, LS, and $jfdups, respectively. CBF, a measure of total
renal perfusion, increased in LS and STD but nét$rats. Tempol pretreatment prevented the post-
denervation BP increase on each diet. Selectivbitiun of NNOS prevented BP increase in STD and
HS groups, a modest increase persisted in LSWagpropose that enhanced afferent impulsation
from intrarenal chemoreceptors related to oxidastvess in the kidney was the background for acute
BP increase after DNX. The response was triggeyedalielease of brain sympatho-excitatory centres
from inhibition by renal afferents, this was folled by widespread sympathetic cardiovascular

stimulation.
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Introduction

Complex interrelation of renal nerve activity araddiovascular functions determining arterial blood
pressure (BP) has been studied in detail overdbedecades and was the subject of a number of
reviews (DiBona and Kopp 1997, Stella and Zanci&@1, Bie 2009, Pinterowat al. 2011). The
long-term effect of renal denervation was usualtiearease in BP, as was documented in normal rats
(Jacobet al. 2003, Kompanowska-Jeziersitaal. 2008) and in various models of hypertension (Liard
1977, Wysst al. 1992, Campese and Kogosov 1995). This was aecteg phenomenon, given the
stimulatory influence of renal sympathetic nerviévity (RSNA) on tubular reabsorption, renin
release and renal vascular tone, and the crudeabfaenal excretion in control of body fluid vohe.

By contrast, rapid cardiovascular and BP respottselanges in afferent and/or efferent renal
sympathetic nerve activity were not uniform. Thlis1dt surprising since there is evidence that the
effect of renal afferent impulse traffic on braerdiovascular centers which control peripheral
vascular resistance and BP may be either excitatoiyhibitory (reviewed in Stella and Zanchetti
1991). Selective electrical stimulation of renal afferewtss reported to induce a decrease in BP in
anaesthetized rats (Lapgteal .1985, Webb and Brody 1987, Herman and Kostreva )l 986ch was
ascribed to inhibitory influence of the affereraftic on sympathetic centers controlling
cardiovascular functions. On the other hand, rdeakrvation (DNX) did not usually induce short-
term BP elevation (Klinet al. 1980, Winternitzt al. 1980). It was suggested that under the
experimental conditions applied there was no tarhditory influence on brain sympathetic centres
(Stella and Zanchetti 1991). In this study we afterd to define the basal circumstances which might
unmask the role of renal afferents in cardiovasatgatrol.

As suggested above, the baseline level of RSNAeddalty of the afferent traffic, is likely to
affect cardiovascular response to DNX. Since thsabactivity may depend, among other factors, on
the metabolic status of the kidney which is styictbupled to renal sodium handling, we examined BP
responses in rats on either low or high sodiunkmté&n important feature of tissue metabolism under
normal and pathologic conditions is the level @faterze oxygen and NO radicals (Wilcox 2005,
Vanhoutte et al. 2009) To test if oxidative stress, indeed, a crucial factor determiningogsible

pressure response to DNX , we repeated experinaéietshaving scavenged theperoxides (&)



using tempol. Moreover, considering complex intéam of the autonomous nervous system activity
and generation of ROS and nitric oxide (ewal. 2001, Wilcox 2005), we also examined how the
response to DNX is affected by inactivation of @@ NOS (nNOS), the isoform which, under
conditions of oxidative stress may be an imporsantrce of ROSEdlunget al. 2010). It is
noteworthy that nNOS is also the isofowhich prevails in the brain and influences the fiorcof
both central sympatho-excitatory neurons and pergdlsympathetic nerve endings, e.g. in the
vascular wall. To reduce the risk of transient station of nerve fibres during denervation procegur
a crucial issue when short-time responses areestudie applied here a relatively non-invasive
technique which was proven to enable reliable remamodynamic measurements in the early post-
denervation period (Kompanowska-Jezieratal . 2001).
Material and Methods

The experimental procedures were in accordancetidléuide for the Care and Use of
Laboratory Animals, NIH (Bethesda 1985) améere also approved by the extramural IV Local
Ethical Committee, Warsaw. Male Wistar rats werkdestandard diet (STD, 0.25% Na w/w) or, for 3
weeks, a low-sodium (LS, 0.15% Na w/w) or high-sodi(HS, 4% Na w/w) diet (SSNIFF GmbH,
Soest, Germany). Our previous experience has shmtmlthough in terms of Na concentration the
difference between STD and LS diet is small, effect renal sodium handling and body sodium
status are remarkably different. The rats weresihatised with intraperitoneal sodium thiopental
(Sandoz GmbH, Kundl, Austria), 100 mgkgvhich provided stable anaesthesia for about three
hours. The animals were placed on a heated surgelg/to maintain rectal temperature at abodt 37
C. A tracheal cannula ensured free airways. Th@fahvein was cannulated for fluid infusions and
the carotid artery for BP measurement (Stoeltimgdlpressure meter and transducers, Wood Dale,
lllinois, USA). During surgery, 3% bovine serumuathin solution was infused i.v. at 3 mt o
preserve plasma volume.

Experimental procedures

The right kidney was accessed by flank incisttainless steel wire (0.1 mm in diameter) was
used to form a loop which was placed around tharfdtconnective tissue located cephalad to the

right renal artery-aortic junction. Dissection sasdhad shown that this tissue encompassed most of



renal nerve fibres traveling from the coeliac gamgto the kidney (Kompanowska-Jezierskal.
2001).The loop was threaded through a segment of thidled&®E tubing, and left loose, prepared
for later right-side DNX. Subsequently, the lefihey was exposed from flank incision and
immobilized in a plastic holder. Another wire losas placed around the tissue encompassing the
nerves, to prepare for left DNX. The effectivenekthis denervation technique was confirmed by
demonstration of the depletion of renal tissue di@aaline content to <5% of control as well asrof a
acute rapid increase in CBF (confirmed also ingiresent study) and of distinct denervation
natriuresigKompanowska-Jezierskah al. 2001). A laser-Doppler probe, type PF 407, was placed on
left kidney surface to record superficial cortitzder-Doppler blood flow (CBF). Outer medullary
blood flow (OMBF) and inner medullary blood flonMBF) were measured using needle probes (PF
402) inserted to the respective depths of 3 andn5from kidney surface. The probes were connected
with a three-channel Periflux 5010 flow-meter (Pexd, Jarfalla, Sweden). Other details of the
experimental techniques were described previol@ynpanowska-Jezierslahal. 2001,
Kompanowska-Jezierslahal. 2008 ).

After placement of wire loops for denervation, flprobes in the left kidney, and after
stablilisation of the parameters measured, contilies were recorded during 30 min. Subsequently,
right-side DNX was performed. At first, 1% novocaimlution was injected into the PE tubing
segment containing the wire loop, to provide a gehdather than abrupt interruption of conduction i
the renal nerves and prevent transient stimulaifarerve fibres (Kompanowska-Jezierskal.
2001).The loop was tightened and the tissue within wasetezed using a 5 MHz current generated
for 5-10 s using a neurosurgical cautery devicength Warsaw, Poland). Five minutes later a 30-min
experimental and measurement period was made. dftaréeft DNX was performed, followed by
another 30-min observation period. In two rats @D Siet and three rats on HS diet the observation
period after left-side DNX was prolonged to a tah60 min. The averaged data for the last five min
of each post-denervation period were taken asaarfisult of DNX | (right-side) and DNX Il (left-
side) and shown in figures. While the standard dexten technique involves cutting the nerve fibers
adjacent to the renal artery and damaging thoeeiartery wall using phenol, our approach intelsup

neural conduction distant from the artery, wherttgyusual vessel spasm and derangement of



intrarenal circulation is avoided. This enableststg experimental measurements within a few
minutes post-denervation.

It will be noticed that within the experimental dgsapplied here the renal haemodynamic
parameters are determined in the left kidney ardysequently, the responses to right-side
denervation (DNX 1) are those of the contralatérakrvated kidney and the responses to DNX Il are
simply those of ipsilateral denervatidrhree groups of rats were examined within the maito
described above, on each of the three diets. Tebled rats (LS: n=6; STD:n=7; HS: n=7), 2.
Rats pretreated with N(omega)-propyl-L-arginineNRA, Tocris, UK), a selective inhibitor of
nNOS, infused i.v. at 1mg Kgh " (Kakoki et al. 2001) (LS: n=7; STD: n=5; HS: n=5), and 3.
Rats pretreated with 4-Hydroksy-Tempo (Tempol, SighiSA), a scavenger of,Qinfused i.v. at 12
mg kg'h * (LS: n = 6; STD: n = 6; HS: n = 5).

In groups 2. and 3., after a control period, @d@umin were allowed from the start of L-
NPA or tempol infusion, for stabilization of theriagbles measured. For sham denervation (STD, n =
5), fat and connecting tissue in the area cauddlgdidney were cauterized.

In a part of experiments with LS and HS rats @&@tdllood samples were taken for
determination of plasma renin activity by antibadgpping technique ( Poulsen and Jorgensen 1974).

Statistics

Significance of changes within one group over timaes first evaluated by repeated
measurement analysis of variance (ANOVA), follovisydmodified t statistics for dependent
variables. Differences between groups were firatyaed by the classical one-way ANOVA, followed
by Bonferroni's tests for multiple comparisons.

Results

After right-side and left-side DNX, BP almost alveashowed a progressing increase. Fig. 1
shows BP and renal cortical blood flow (CBF) chanaker sequential denervation procedures in rats
on standard, low and high sodium intake (LS, STB).Hh LS and HS rats bilateral DNX increased
BP 12 and 19%, respectively; significant increagee seen already after unilateral (right-side)
denervation. BP elevations were not associatedamiyhchanges in heart rate: in the group with

greatest responses (HS) it was 36515 before an#/36€ats per min after second denervation (n = 8,



data not shown). Nor were there significant hestd changes in STD or LS groups. In STD rats no
significant change in BP was seen after right-8/&X and the final increase was less than 6%. Both
after right-side and left-side DNX, the pressurealiy increased progressively during the first 1is,m
which was followed by a plateau. Prolongation cdeatvation by an additional 30 min (to a total of 60
min after left side DNX) showed that the plateaswaintained over the whole period.

In STD rats, left kidney CBF increased after thyhtiside- and then further after left-side
denervation. In the LS group, CBF also increasedassively (ANOVA) but the ultimate change did
not reach significance level in a Bonferroni t&gmarkably, in HS rats CBF did not change at all.
Both BP and CBF remained stable in STD rats subjettt sham denervation. Fig. 2 shows that in LS
and STD rats, DNX did not significantly alter pesiion of the inner medulla; IMBF decreased slightly
in untreated HS rats. No changes in OMBF were &g&ta not shown).

The basal plasma renin concentration (PR) on HSB82 mIU ') was significantly lower
than in LS and STD groups (range of means: 79-&1 If). While in both latter groups the basal
values were quite comparable, bilateral DNX sigaifitly decreased plasma renin (-45%) in LS rats
whereas no substantial change (-6%) was seen inr&ED

Pre-denervation CBF tended to be higher with iasiregy salt intake (tables 1, 2) Treatment
with 4-Hydroksy-Tempo (tempol), a scavenger gfdd not alter BP on any diet (table 1) but
significantly increased CBF in LS and STD groupBIEF increased in LS rats only. L-NPA, a
selective inhibitor of nNOS, did not alter BP oryatet (table 2). In HS rats L-NPA decreased CBF,
which suggested that NO derived from nNOS was gh-salt diet an important factor sustaining
renal perfusion. Apparently, this was not so indrfl STD groups where CBF (and IMBF) actually
increased after L-NPA.

The final cumulated effect of sequential right &ftl DNX on BP, and left kidney CBF and
IMBF in rats on different diets, untreated or untgenpol or L-NPA treatment, is presented in Fig. 2.
The BP increase in untreated HS rats was significgneater than in the STD group where it was
least pronounced. In LS rats treated with L-NPAghbst-denervation increase in BP was significantly

smaller than in untreated controls. Remarkabl\gTiD and HS groups significant decreases occurred.



Bilateral DNX modestly increased CBF in untreatdd&nd LS (not significant) rats, much
less so in rats pretreated with L-NPA. CBF nevemged in HS rats.

In rats pretreated with tempol, the post-denervaiticreases of BP observed in untreated LS
and STD rats were abolished. In HS rats, similagyinder L-NPA treatment, a significant decrease
occurred. IMBF significantly increased only in STals under L-NPA or tempol treatment.

Discussion

In normotensive anaesthetised Wistar rats acutgesgial right-side and left-side renal
denervation (DNX) induced a rapid progressing dieweof BP. Earlier studies usually revealed no
alteration of BP within the first hours post-deraion (Klineet al. 1980, Winternitzt al. 1980). In
contrast to these observations, the usual long e¢ffeat of DNX was BP lowering (Stella and
Zanchetti 1991, Jacah al. 2003), a complex phenomenon obviously relatqatdéound alterations
of endocrine and body fluid status. There is nnaie to set aside or directly compare the earty a

the distant responses to DNX.

Reflex nature of the hypertensive response to rendenervation

The mechanism of the rapid blood pressure elevatitem renal denervation is not clear. It is
more likely to be neural rather than humoral. Ijex least in LS rats, DNX decreased the ciraugti
plasma angiotensin Il level, which would have vélsbok and hypotensive rather than hypertensive
effects. It will be noticed that the advantage ehervation technique applied here is that no sargic
severing of nerve fibres adjacent to the renahadecurs. This reduces the risk of a BP increase
secondary to the artery spasm which is typicallsepbed after the classical DNX manoeuvre;
moreover, early fluctuations of renal haemodynarairesavoided and measurements can be conducted
immediately (Kompanowska-Jeziersdtaal. 2001). An obvious disadvantage limiting interptieta of
the present results is that the denervation is fdeta” i.e. both efferent and afferent.

The data on the reflex influence of renal affeteadfic on the activity of cardiovascular
sympathetic centres are ambigudbsme authors demonstrated excitatory effects, eéden normal
animals (reviewed in Stella and Zanchetti 1991)iarsbme but not in other models of hypertension

and renal failure (Wyst al. 1992, Campese and Kogosov 1995). On the othwd, there is ample



evidence on the sympatho-inhibitory influence @ tbnal afferent traffic. Unilateral afferent or
complete DNX increases efferent sympathetic inpahé contralateral kidney within the reno-renal
reflex phenomenoneading, on this side, to antidiuresis and antinegsis, occasionally to increased
renin release and only infrequentlyrémal vasoconstriction (Colindresal. 1980, DiBona 1980,
DiBona and Kopp 1997). The likely mechanism of tieifex is the removal of inhibition of central
sympatho-excitatory centres controlling sympathieiut to the kidney. However, as was considered
more than two decades ago, “renorenal reflexedegunst one part of more generalized sympathetic
reflex originating from the kidney” (Stella and Zdnetti 1991). Consistent with this notion are the
reports that selective electrical stimulation ofakafferents induced a decrease in BP in anaézttet
rats, the response that was prevented by lesitireoficleus tractus solitarii and the median preoptic
nucleus, the centers involved in cardiovasculatrob(Lappeet al.1985, Webb and Brody 1987).
Most recently, afferent intrarenal nerve stimulatio Sprague-Dawley rats using local capsaicin
infusion was shown to reduce the contralaterallrigtegrated sympathetic nerve activity to about
20% of the pre-stimulation control value (Dittiagal. 2012).

We propose that in the present experiments theatfiactor for the post-denervation increase
in BP was renal de-afferentation. The consequémiretion of the inhibitory influence on the centra
sympatho-excitatory neurons increased the effengmpathetic traffic to extrarenal sites, leading to
rapid systemic vasoconstriction and an increagPinAdmittedly, measurements of peripheral
sympathetic nerve activity (SNA) would be neededupport this hypothesis. It is remarkable that the
BP elevation after DNX observed here in male Wistits was not reproduced in our study using
female Sprague-Dawley rats, in which a more useatehse in blood pressure was seen
(Kompanowska-Jezierslahal. 2008). In both studies the same non-invasive DNXhod was used,
which indicates that the whole complex of pre-deaton circumstances, including animal sex, strain
and the associated functional status (and not dathen method) determined the actual pressure
response.

Remarkably, no BP increase was regdrtam similar earlier studies. It was suggested th
under basal experimental conditions intrarenalptre and afferent pathways did not exert a tonic

inhibitory influence on the cardiovascular ceniakplved (Stella and Zanchetti 1991).



Although after unilateral denervation an increasefferent RSNA to the contralateral kidney
is a regular finding (reno-renal reflex), this waxt usually associated with a decrease in RBF d® GF
(Colindreset al. 1980, DiBona 1980, Golin et al. 1987). In our esiments, after unilateral
denervation CBF of the contralateral kidney tenideicrease rather thalecrease, perhaps because
of a denervation-dependent decrease in plasma lfaivity or simply following an increase in BP
(imperfect autoregulation). After the second deation, in rats on LS and STD diet ipsilateral CBF
increased further, an expected result of elimimatibsympathetic vasoconstrictor input to the kidne
such response was also observed in our earlieriengr@s using the same denervation technique
(Kompanowska-Jezierslkahal. 2001). Interestingly, no such increase was obseirvélS rats,
possibly because under baseline conditions the caxalation was here under dominating
vasodilator influence of NO, as indicated by a dase in CBF after NOS blockade (table 2).

Role of sodium intake, ROS and nNOS: the backgrountbr hypertensive response to
renal denervation

The post-DNX elevation of BP was minimal in STDsraut pronounced in those on high or
low sodium intake. It will be noticed that the commTfeature of both conditions is enhanced oxidative
stress: at low sodium intake this is largely meatigty high plasma Ang Il activity (Majid and
Kopkan 2007). High sodium intake induces oxidasitress by mechanisms that are still being
evaluated; there is also evidence that in ratsigim-$alt diet ROS generation is increased in kidney
tissue (Kitiyakaraet al. 2003, Wilcox 2005 ).

Local oxidative stress might increase stimulatibmtrarenal chemoreceptors, enhance the
inhibitory afferent traffic and lower the activibf sympathetic vasomotor centres. Under such
baseline conditions, DNX (strictly: de-afferentaid.e. release of the centres from the pronounced
inhibition might be more effective than without emiced oxidative stress. It must be admitted,
however, that because of the diversity of intrarehamo- and mechanoreptor types, individual
afferent fibres might conduct both inhibitory anaitatory signals so that the final effect on
sympathetic cardiovascular centres is difficulptedict, depending, for instance, on the actual
baseline metabolic and functional status. Thessti®vel would probably be lower in rats on STD

diet, hence relatively modest BP increase in ratkis group.
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Baseline conditions of our experiments, includingesthesia, extensive traumatic surgery and
increased or decreased dietary sodium intake, therprobable factors promoting the development of
oxidative stress. To check the hypothesis that RGIs activity was the necessary background for the
pressor response to DNX, we repeated experimemgdrpretreated with tempol, a scavenger of
superoxide radicals.

Tempol treatment did not affect Bier se, irrespective of sodium intaKeable 1).The
increase in CBF suggests that under conditionsioérperiments increased @ctivity induced tonic
intrarenal vasoconstriction. However, this effeaswot seen in HS rats even though their kidneys ar
expected to be in the state of pronounced oxidatress (Majid and Kopkan 2007). As suggested
earlier, most probably local NO activity was hdre dominating factor responsible for vasodilatation
and high perfusion.

Under tempol treatment the post-DNX elevation ofvigd® abolished in LS rats and reverted
to a significant decrease in HS rats in which thigimal hypertensive response was most pronounced,
which confirmed the crucial role of the oxidatiteess. As discussed earlier, of critical importafae
the hypertensive response might be high ROS acfivithe kidney. However, since tempol was
administered intravenously, the present studiesad@rovide the basis to define the relative
contribution of the effects of superoxide scaveggmthe kidney, in the brain sympathetic centmed a
in target vascular tissues.

There were good reasons to suspect that nitriccoNiD) status might be an important co-
determinant of the BP response to DNX. NO spedifiéahibits the sympathetic cardiovascular
centres ( Sakumet al. 1992, Hansent al. 1994, Hakinet al. 1995, Zanzinger 1999, Pinterosizal.
2011) and antagonizes ROS in most tissues, inajutiie brain, kidney, peripheral vessels and the
heart;this is observed both in normotensive animals amat models of hypertensig¢Golin
et al. 1987, Zicheet al. 2001, Wilcox 2005,). Of the two constitutive N¢ghthases, nNOS and NO
derived from this isoform are particularly likely be involved in the reflex control of cardiovasoul
functions and blood pressure. First, NNOS is thimmaurce of NO in the brain (Breetal. 1990).
Second, compared to eNOS, it can easier underguuphicg under oxidative stress, and generate

ROS rather than NO (Swabal. 2008). Indeed, in the diabetic kidney nNOS wasrgg to be a major
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if not the main source of ROS (Edluaigal. 2010). Therefore we examined how previous intubibf
this isoform with L-NPA would affect the BP resperts DNX.

We saw that L-NPA did not change baseline BP, re@gent with other studies in which this
inhibitor was used in rats on normal (Kakekal, 2001, Vaneckovét al, 2002) or high sodium diet
(A.Walkowska, EJ.Johns, unpublished observatigbs)the other hand, L-NPA treatment reverted
the post-denervation increase in BP in HS and SAt®to a significant decrease; only a modest
increase in BP was seen in the LS grotlipe mechanism of the blockade of the increase reay b
complex. The inhibitory influence of the renal affiet sympathetic traffic is transmitted via the
nucleus tractus solitarii to the neurons of thaaraventricular nucleus (PVN). There is good evidence
that release of NO by nNOS located in PVN mitigatescenter’s firing activity, which might inhibit
the vasomotor function of sympathetic centres, sisctostral ventrolateral medulla @ial. 2003),
local NNOS-derived NO was also found to bufferrige in arterial pressure in 2K1C hypertensive
rats (Rossi et al. 2010). Therefore, a deficit @ Mediator induced in our rats by L-NPA would cut
off this influence and thereby prevent BP elevaafter de-afferentation as observed in untreated ra

Another reason for the blockade by L-N&fAhe blood pressure response to DNX relates to
the observation that in oxidative stress uncoupM@S in the kidney generates large amounts of ROS
(Edlunget al. 2010). Therefore, blockade of this NOS isoformuldldhave consequences similar as
those of tempol treatment.

Taken together, these results strongly suggestathae BP elevation after DNX was triggered
by a release of brain sympatho-excitatory cent@® the inhibitory influence of afferent impulse
traffic from the kidneys, followed by increased gpathetic stimulation of target vascular tissues and
widespread vasoconstriction. Additional studiesluing measurements of sympathetic nerve activity
(e.g. muscle SNA) would be needed to verify thedtlgpsis. Thereafter, it would be crucial to chdck i
MSNA response to denervation is inhibited by ablatf thenucleus tractus solitarii or ganglionic
blockade. A high level of oxidative stress, egqlcin the kidney, seems a necessary condition fo
the pressor response: previous reduction of theatixe stress with tempol prevents the increase in
BP after DNX. The response is also prevented lgiedtion of nNOS-derived NO, a likely mediator

of the inhibition of the sympathetic centres byaleaifferent traffic and also an important source of
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ROS in the kidney. The study helps understand smmeaspects of interaction of the sympathetic
nervous system and the enzymes generating ROS @rid dbntrol of cardiovascular functions and
blood pressure.

The present results showing acute BP rise refdusixely to the earliest post-DNX period
and by no means undermine the utility of catheteseld renal sympathetic denervation successfully
used for treatment of refractory hypertension (Sigitp HTN-1, Investigators). No serious early
adverse effects of radiofrequency nerve ablatiomi®weported until quite recently: four out of a
group of 12 patients subjected to the procedureadnae temporarily transferred to an emergency unit
because of “severe hypertensive episodes” (Brimkretal. 2012). It can be speculated that this
occurred in patients with pronounced oxidativesgtror endothelial dysfunction, which rendered

them particularly sensitive to de-afferentation.
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Table 1. Effects of Tempol on blood pressure (BP) and perfusion parameters of
the left kidney.

LOW SODIUM DIET STANDARD DIET HIGH SODIUM DIET
Control Tempol Control Tempol Control Tempol

BP 1161 11113 117+4  118+4 12615 1274

mmHg

CBF 550+33 684+76* 61771 700x£76* 80186 776+85

PU

OMBF 143t26 181+27* 159+20 160£11 194+39 168+28

PU

IMBF 14018 162119 16920 175+28 20017 213+28

PU

Mean values + SEM (n=5-7). CBF, OMBF, IMBF - cortical, outer- and inner
medullary laser-Doppler fluxes, respectively. PU - perfusion units.
* Significantly different from control at p<0.04.

Table 2. Effects of L-NPA on blood pressure (BP) and perfusion parameters of the left kidney.

LOW SODIUM DIET STANDARD DIET HIGH SODIUM DIET
Control NPA Control NPA Control NPA
BP 120+3 12143 11712 11943 129+9 133+11
mmHg
CBF 407428 412439 580+41 621+44* 719443 679+48*
PU
OMBF 132+27 122423 260121 267+20 127+44 134445
PU
IMBF 133+23 121+23 189+31 203£31* 11748 137+17
PU

Mean values + SEM (n=5-7). CBF, OMBF, IMBF - cortical, outer- and inner medullary laser-Doppler

fluxes, respectively. PU - perfusion units. * Significantly different from control at p<0.02.
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Legends to Figures

Fig. 1. Effects of sequential right- and left-si@@al denervation (Den I, I) on systemic blood
pressure (BP) and left kidney cortical blood fla®BE) in rats on low, standard and high sodium diet
(LS, n=6; STD, n=7 and HS, n = 7, respectively)

Mean % = SEM; sham denervation data for STD gemepalso shown. * significantly
different from pre-denervation control at p<0.9Significant progressive increase (repeated
measurements ANOVA); the final increase did nothesignificance level in Student t test (0.05<

p<0.06).

Fig. 2. A comparison of final effects of sequentight and left renal denervation on blood
pressure (BP) and left kidney cortical blood fla®B), and inner medullary blood flow (IMBF) in
untreated, L-NPA- or tempol-treated rats (openglblar striped bars, respectively) maintained on-low
sodium (LS), standard (STD) or high-sodium (HS}.die

Cumulated percent changes after two denervatianshaown, + SEM. * significant change
from pre-denervation control at p<0.05; 1 changenfpre-denervation control significantly different

from that in untreated rats. ¥ change significadifferent from that in STD rats (p<0.02).
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Fig. 1. Effects of secuential vight- avd left-side renal devervation (Den [, I on systeraic blood pressure (BF) and
le ft kadrereortical blood flonr (CBF) in mts onlow, standard and high sodinm diet (LS, n=6;5TO n=Tard H5, n =7,
respectiely.

Ivkan e £ 5EIV, shara derervation data for STD group ate also shown, * significantlydifferent from pre-
denervation control at p=0.05; 1 significant progressive increase (epeated measurernents ANOVA); the final inciease didnot
reach sigrificance level in Stadert t test (0105< ped 0).
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Fig 2. A comparison of final effects of sequential right and left renal denarvation onblood

pressure (BF) and left lddney cortical blood flow (CB F), and inner medullary blood flow (INBE) in
untreated, L-MPA- or tempol-treated rats (oper, black or striped bars, respectively) rmaintained on low-
sodivm (L3}, standard (STDY or high-sodium (HS) diet.

Cutrmlated percent changes after two denervations are shown, £ SEWN. * signi ficant change
from pre-denervation cottrol at p<0.05; T change fom pre-denervation control significantly different

from that in untreated mts.  change sigmficantly differert from that in 5TD mts (p<0.02).



Abbreviations:

BP, blood pressure; CBF, cortical blood flow; DN¥nal denervation; HS, high-sodium diet;
IMBF, inner medullary blood flow; L-NPA, N(omega)gpyl-L-arginine; LS, low-sodium
diet; NO, nitric oxide; OMBF, outer medullary blofldw; ROS, reactive oxygen species;
RSNA, renal sympathetic nerve activity; RVLM, r@dtventrolateral medulla; SOD,
superoxide dismutase; Tempol, 4-Hydroksy-Tempo.
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